Estimation of aggregate exposure and risk requires detailed information regarding dermal contact and mouthing activity. We analyzed micro-level activity time series (MLATS) of children aged 7-12 years to quantify these contact behaviors and evaluate differences by age and gender. In all, 18 children, aged 7-12 years, were videotaped while playing outdoors. Video footage was transcribed via Virtual Timing Device (VTD) software. We calculated the hand and mouth contact frequency, hourly duration and median duration of contact with 16 object categories. Median mouthing frequencies were 12.6 events/ h and 2.6 events/h for hands and non-dietary objects, respectively. Median hourly mouthing duration was 0.4 min/h and 0.1 min/h with hands and objects. Median mouthing contact duration was 1 s and 1.5 s with hands and objects, respectively. The median object contact frequency for both the hands combined was 537.3 events/h with an hourly contact duration of 81.8 min/h and a median contact duration of 3 s. There were no significant differences in the mouthing activity between genders or age groups. Female children had longer and more frequent hand contacts with several surface types. Age was negatively correlated with hand contacts of floor and wood surfaces. Contact frequencies in this study are higher than current regulatory recommendations for this age group.
Introduction
Dermal and non-dietary ingestion exposure are important routes to quantify when assessing children's aggregate exposure to pesticides, as emphasized by the National Academy of Sciences 1993 report, Pesticides in the Diets of Infants and Children, and the Food Quality Protection Act of 1996 (National Research Council, 1993) . Non-dietary ingestion exposure has continued to be the primary route for lead and other heavy metal exposure in children (Chisolm Jr and Harrison, 1956; Aung et al., 2004; Zartarian et al., 2006; De Miguel et al., 2007) , and is the primary contribution to the polybromindated diphenyl ether body burden of toddlers through adults (Jones-Otazo et al., 2005) . Furthermore, non-dietary ingestion exposure is the primary means of transmission for certain infectious diseases like the influenza virus, where exposure occurs through the hand and mouthing contacts with fomites (Nicas and Best, 2008) .
Direct measurement of the dermal and non-dietary ingestion exposure routes is complicated because of complex human behavior and exposure mechanisms (Fenske, 1993; Van Hemmen and Brouwer, 1995; , and indirect exposure estimates require detailed information of mouthing behavior and dermal contact activities (Hubal et al., 2000) . These exposure-prone behaviors may change as children age from infants to toddlers, to older children and ultimately to adults. To account for these differences, the United States Environmental Protection Agency (US EPA) recommends that the following age groups be used when conducting exposure and risk assessments in children: from birth to o1 month, from 1 to o3 months, from 3 to o6 months, from 6 to o12 months, from 1 to o2 years, from 2 to o3 years, from 3 to o6 years, from 6 to o11 years, from 11 to o16 years and from 16 to o21 years (US EPA, 2005; Firestone et al., 2007) .
Mouthing and hand contact frequencies are key parameters for estimating non-dietary ingestion and dermal exposure (Zartarian et al., 2006; Nicas and Best, 2008; Stapleton et al., 2008; Julian et al., 2009; Schleier et al., 2009; Macedo et al., 2010; Tulve et al., 2010) , as well as soil/dust ingestion rates (Ö zkaynak et al., 2010) critical for most hazardous site clean-up risk assessments including Superfund sites (US EPA, 2004) . Several studies have quantified these mouthing and hand contact behaviors in children (Zartarian et al., 1997a Brinkman et al., 1999; Reed et al., 1999; Freeman et al., 2001 Freeman et al., , 2005 Tulve et al., 2002; AuYeung et al., 2004; Black et al., 2005; Auyeung et al., 2006; Beamer et al., 2008) ; however, we know of only one other study that has reported any data on children over 6 years of age (Freeman et al., 2001) . Meta-analyses of the data collected from younger children have indicated that mouthing decreases with age and other studies have reported differences by age in the frequency, with which children contact different types of objects or fomites with their hands (Freeman et al., 2001; Auyeung et al., 2006; Beamer et al., 2008) . There is a clear need to quantify the mouthing and dermal contact activity patterns for individuals older than 6 years of age for use in the exposure assessments, and to determine if these trends continue past early childhood (Firestone et al., 2007; Xue et al., 2007) .
The objective of the current study was to quantify the mouthing and dermal contact behavior of older children older than 6 years of age, and to evaluate how these behaviors differ by age and gender. Specifically, we quantified the activity patterns of children aged 7-12 years that we will refer to as ''older children'' herein. We used videotaping methodologies and video-translation software (Virtual Timing Device (VTD)) to record micro-level activity time series (MLATS) . Direct observation through videotaping is the most accurate way to record children's behaviors as it eliminates recall bias and preserves the activities, so that they can be viewed multiple times to quantify frequent contacts of short duration for each body part with the environment and to assess inter-and intra-observer reliability (Zartarian et al., 1997b; Hubal et al., 2000) . We examined the quantified activity patterns to determine if there were differences with gender and as a function of age among the 7-12-year-old children and when compared with 1-6-yearold children from the same cohort (AuYeung et al., 2004; Auyeung et al., 2006) . This is the first study we know of to specifically report the activity patterns of the older children.
Materials and methods
A detailed description of the methods used for recruitment of this cohort, videotaping, video-translation and quality control has been previously described in the analysis of the 1-6-year-old children (AuYeung et al., 2004; Auyeung et al., 2006; Ferguson et al., 2006) . The following, however, is a brief description.
Participant Recruitment
Participants were recruited for a study aimed at understanding the behaviors of middle-class children in their outdoor residential environment, between August 1998 and May 1999. Families were recruited via telephone solicitation where their numbers were randomly extracted from the residential telephone directory for the southern region of the San Francisco peninsula in California. Families who had at least one child 1-12 years of age, lived in a residence with a lawn, and whose annual household income was greater than $35,000 were invited to participate in the study.
Videotaping
Each child was videotaped for 2 h by a team of two researchers. While one researcher was videotaping the other kept a detailed written log of the locations visited and objects/ surfaces contacted by the child. Videographers tried to keep the child's whole body in view and stay as far away from the child as possible to minimize their influence on the child's natural activities. Parents were instructed to keep their children outdoors and engaged in unstructured play. Videotaping was only conducted on days with no rain.
Video-Translation
VTD software was used to ''translate'' the videotape footage into second-by-second computer text file records of contacts between the body parts and objects/surfaces in the child's environment (i.e., MLATS) (Zartarian et al., 1997b) . The VTD interface is called a palette and consists of three grids that the user can modify as necessary for their study. For the current study, the three grids were composed of cells for: (a) locations/microenvironments, (b) objects/surfaces and (c) contact type (i.e., repetitive or constant). While viewing videotape footage, the user only tracked one body part at a time (e.g., mouth, left hand or right foot) and recorded data by activating the corresponding cells in each grid. Every time a new cell was activated a timer was initiated that recorded the duration of the contact until another new cell was activated when the child contacted something else, changed location or contact type. Output from VTD consisted of a computer text file representing the entire video where each new line provided the location of the child, the object they contacted, the contact type and the duration of contact.
The video footage was translated for 15 body parts (Leckie et al., 2000) ; however, our current analyses only focus on contacts with the mouth and hands. The palettes used for the mouth (AuYeung et al., 2004) and the hands have been published previously. Mouth contacts were defined as any hand or object contacting the lips and/or immersed in the mouth (i.e., has passed the lip boundary). Hand contacts were defined as any contact with the fingers, palm and/or the back of the hand. Left and right hands were translated separately. Repetitive was selected on the contacttype grid to designate contacts of high frequency and extremely short duration like bouncing a ball or crawling.
Quality Control
Many quality control measures were taken during the videotape processing and videotape translation. Videotapes were divided into 30-min segments before translation to reduce researcher fatigue and error . As part of training, researchers were required to recreate the palette from memory and translate four practice videos of increasing difficulty. Once the files from the four practice tapes had less than 10% difference in total duration with object/location combinations compared with standard files created by experienced researchers, the trainee was allowed to begin translating tapes from the study. For the duration of the project 5-10% of each translator's files were randomly evaluated by a VTD expert for agreement in object and location designations. If the two files had greater than a 10% difference, the VTD expert examined the translator's output for systematic errors (e.g., categorizations of locations or objects). The VTD expert then discussed the errors with the translator, and the segment and all other segments where the errors may have occurred were re-translated until they met the quality control standard.
Quantification of Contact Activity Data
MLATS files were imported into S-PLUS 8.0, Intercooled STATA 9.0 and Microsoft Excel 2007 software for analysis. Repetitive contacts were assumed to alternate between contacts with the surface/object and air (''nothing'') at the rate of two contacts/s. Contacts with the same object where the participant changed location while remaining in contact with the object, were joined to avoid double counting of the contact . The 36 object categories were grouped into 15 object/surface types in addition to ''mouth'', ''hands, ''nothing'' and ''not in view '' designations (AuYeung et al., 2004; Auyeung et al., 2006) . The 15 object/ surface types are: animal, rock/brick, clothes/towels, body, fabric, floor, food, footwear, metal, non-dietary water, paper/ wrapper, plastic, toys, vegetation/grass and wood. Object categories were also grouped into total objects (all 15 categories) and non-dietary objects (excluding food and hands). A table of the object/surface categories and examples is provided in the Supplementary Material (Supplementary Table S1 ).
The following variables were calculated for each child for each object category: 1) contact frequency (events/h), 2) hourly contact duration (min/h) and 3) median duration of contact (seconds). Contact frequency is the total number of contacts with an object category divided by the total time the child was in view. Hourly duration is the total time the child was in contact with the object divided by the total time in view. Median duration was computed for each child from the duration of all his/her contacts with a particular object category.
These activity variables were assessed for significant differences between the genders and as a function of age using non-parametric tests, because the data are skewed and these tests are less influenced by small sample size and outliers. The Wilcoxon-rank sum test was used to assess if there were significant differences between the activity patterns of the left and right hands, between the male and female participants and to conduct a binary analysis between the activity patterns of the 7-12-year-old children and the 1-6-year-old children who have been previously quantified (AuYeung et al., 2004; Auyeung et al., 2006). Spearman's rank correlation coefficient was calculated to determine if contact activities correlated with age. S-PLUS was used to conduct tree analysis for exploring natural breaks in activities by age group. The Wilcoxon-rank sum test was applied to determine if there were significant differences between the age groupings at the first node of the tree and the Kruskal-Wallis test for comparison across the groups was applied to assess for significant differences by age over the whole tree. The Kruskal-Wallis test for comparison across the groups was also used to determine if there were significant differences among the US EPA age groups for the entire cohort aged 1-12-years old (US EPA, 2005; Firestone et al., 2007) .
Results
Overall 56 children (1-12 years of age) were videotaped between August 1998 and May 1999, including 18 children (7-12 years of age) used for this study. The quantified activity patterns of the younger children have been previously reported (AuYeung et al., 2004; Auyeung et al., 2006) . Three children were recruited for each year of age (Table 1) . Approximately 32 h of video footage was collected with the median time per child of 109 min (range: 70-130 min). The median time not in view was 8 min (range: 0-20 min). Although the children were instructed to ''play outdoors'' before beginning of the videotaping, children were permitted to engage in whatever activities they chose without interruption or instruction, and videotaping did not stop when the children went indoors. The median time spent indoors was 4 min (range: 0-16 min). As all children were engaged in the same macro-activity (''play outdoors''), this time indoors represents part of their normal activities during this macroactivity and was included in the analyses presented. There were no significant differences between the activity patterns of the left and right hands and they were grouped for the analyses.
Contact Activity Patterns
Summary statistics for object contact frequency (events/h) are presented in Table 2 . Our data were right skewed, thus we have reported both the mean and median values and complete distributions are provided in Supplementary Table  S2 (see Supplementary Material). The children mouthed their hands more frequently than any other object, with a Micro-activity data for older children Beamer et al.
median hand-to-mouth frequency of 12.6 events/h (range: 0.8-60.4) or at least once every 5 min. The median mouthing frequency of non-dietary objects (excluding hands) was 2.6 events/h (range: 0-39.6). For all objects/surfaces, the median hand contact frequency was 537.3 events/h (range: 329.8-1003.6) or approximately 10 contacts/min for both the hands combined. The objects most frequently contacted by hands were toys, clothes/towels, body and vegetation.
Summary statistics for object/surface hourly contact duration (min/h) are presented in Table 3 . Complete distributions are in Supplementary Table S3 (see Supple- mentary Material). The objects with highest hourly mouthing duration were food and hands, both with a median hourly duration of 0.4 min/h. The median hourly mouthing duration for non-dietary objects was 0.1 min/h, with clothes and body/skin having the longest durations. For all objects/ surfaces the median hourly contact duration was 81.8 min/h for both the hands combined. Toys had the highest hourly contact duration with the hands. Clothes/towels and vegetation also had high hourly hand contact durations.
Summary statistics for median contact duration (seconds) with each object category are presented in Table 4 . Complete distributions are presented in Supplementary Table S4 (see Supplementary Material). Only children who contacted the object were included in the calculations. No children had mouthing contacts with floors, footwear, non-dietary water, fabric, rock/brick or wood surfaces. All children had handto-mouth contacts. Median mouthing event durations for all children were very short (o10 s) for all non-dietary objects. All children had hand contact events with body/skin, clothes/ towels, floor, footwear, toys and vegetation. The median hand contact duration for all children was 3 s for both the hands combined. For certain objects, hand contact durations were much longer (i.e., footwear, fabric and paper/wrapper).
Differences between Genders
There were no significant differences in the mouthing activity data between male and female children. There were several significant differences (Po0.05) between the hand contact activity of the male and female children. Distributions for objects with significant differences are presented for both Table 3 . Object/surface hourly contact duration (min/h) (n ¼ 18). Tree analysis indicated that there may be natural breaks between the children who were 7-8-years old, 9-10-years old and 11-12-years old. There were no significant differences as a function of age with mouthing activity among 7-12-year olds. Results of the Kruskal-Wallis test for comparison across these age groups indicated that there were significant differences in hand contact frequencies with fabric, plastic and wood (Figure 2a) , with the younger children having greater contact frequency with plastic and wood surfaces. Distributions for objects with significant differences are presented by the age group in Supplementary Table S6 . There were also significant differences across these age groups for hourly hand contact duration with fabric surfaces (Figure 2b ) and in median hand contact duration with fabric, plastic and toys (Figure 2c) . Children who were 7-8-years old had significantly longer hourly hand contact duration with wood and median contact duration with all objects than children 9-12 years of age. Children 11-12-years old had significantly lower hand contact frequency, hourly duration and median duration of contact with floor surfaces than children 7-10-years old. Older children (11-12 years) also had significantly shorter median contact duration with food substances. None of the 9-10-year-old children had contacts with paper/wrappers; however, there were no significant differences in the contact activity with this object between the 7-8-year old and the 11-12-year-old children.
Differences in Contact Activity among 1-12-Year-Old Children
Age (in years) was found to have significant correlations with mouthing and hand contact activity among the larger cohort of 1-12-year-old children (n ¼ 56). Mouthing frequency of toys decreased with age (P ¼ 0.03, r s ¼ À0.29). Hourly mouthing duration with toys (P ¼ 0.03, r s ¼ À0.29) and nondietary objects (P ¼ 0.04, r s ¼ À0.28) was also negatively correlated with age. Median mouth contact duration with hands decreased with age (P ¼ 0.03, r s ¼ À0.30). Hand contact frequency decreased with age for floors (P ¼ 0.0008, r s ¼ À0.45), plastic (P ¼ 0.03, r s ¼ À0.29) and wood surfaces (P ¼ 0.0007, r s ¼ À0.45), and increased with age for toys (P ¼ 0.01, r s ¼ 0.33) and non-dietary objects (P ¼ 0.0008, r s ¼ 0.45). Hourly hand contact duration with the body (P ¼ 0.03, r s ¼ À0.29) was negatively correlated with age but was positively correlated with age for toys (P ¼ 0.01, r s ¼ 0.34), non-dietary objects (P ¼ 0.0001, r s ¼ 0.52) and all objects (P ¼ 0.0001, r s ¼ 0.54). Median hand contact duration with toys decreased with age (P ¼ 0.005, r s ¼ À0.38) and contact duration with footwear increased with age (P ¼ 0.04, r s ¼ 0.31).
In a binary analysis there were no significant differences in any mouthing behaviors between the 1-6-year old and the 7-12-year-old age groups. The older children (7-12 years) had more frequent hand contacts with clothes/towels and footwear and less frequent hand contacts with floors, metal and plastic surfaces than the younger children (Figure 3a) . Similarly, the older children had longer hourly hand contact duration with footwear, while the younger children had longer hourly hand contact duration with floors and metal surfaces ( Figure 3b ). Older children also had longer median contact duration between their hands and footwear ( Figure 3c ).
Significant Differences among the US EPA Age Groups
Significant differences were identified across the US EPA age groups for the 1-12-year-old children. There were significant differences in the mouthing frequency and hourly mouthing contact duration with metal surfaces and in the hourly mouthing contact duration of non-dietary objects (Figure 4 ). Because only three children over the age of 1 year had any contact with metal objects, this category was not included in Figure 4 , but the full distribution is presented in Supplementary Table S7 . There were significant differences in the hand contact frequency with fabric, floor, plastic and wood surfaces (Figure 5a ). Hourly contact duration was significantly different for floors, fabric surfaces, non-dietary and all objects combined (Figure 5b ). Median hand contact duration with floors was also different across the age groups ( Figure 5c ).
Discussion
Incidental ingestion is a primary route of exposure for pesticides, metals including lead and arsenic, flame retardants and microbes (Chisolm Jr and Harrison, 1956; Aung et al., 2004; Jones-Otazo et al., 2005; Zartarian et al., 2006; De Miguel et al., 2007; Morgan et al., 2007; Nicas and Best, 2008) . Furthermore clean-up decisions and appropriate risk mitigation actions for hazardous waste sites, including Superfund sites, are based on estimates of the incidental ingestion and dermal exposure pathways (US EPA, 2004) . Mouthing and dermal contact activity estimates are critical parameters not only for estimating these exposures directly, but also for estimating soil and dust ingestion rates in mechanistic models (Ö zkaynak et al., 2010) . Although this study has a small sample size and is limited to children's behaviors in the outdoor environment, this represents the first study that we are aware of, which specifically reports the quantified micro-activity of the older children (7-12-years old), necessary for estimating dermal and incidental ingestion exposures. As has been reported for younger children (Zartarian et al., 1997a Auyeung et al., 2006; Beamer et al., 2008) , these children also had frequent contacts (415 contacts/h and 4600 contacts/h with the mouth and both the hands, respectively) of short duration (o2 s and o3 s for the mouth and both the hands, respectively), regardless of socioeconomic status or race/ethnicity . The data are right skewed and median values are probably a better representation of the central tendency of the data than mean values, as they are less influenced by the few high values. However, the maximum or upper percentile values (see Supplementary Material; Supplementary Tables S1-S8) should be considered when conducting risk assessment, as they do represent children who may be particularly vulnerable to these exposures. Because there is not an even gender distribution of the participants across all the age groups, it is difficult to interpret if differences are observed between the genders. The median age of female participants was 9 years, while the median age of male participants was 11 years. As in the study of younger children from this cohort , female children in the current study had more frequent and longer hand contacts with certain objects than the male children (Figure 1) . However, children o11 years of age also had more frequent and longer hand contacts with the many of the same objects compared with the children Z11 years. It is not clear if these differences observed are because of age or gender. In the future, a study should be conducted with an equal number of male and female children for each age category, so that differences between the genders and the age groups can be elucidated.
Our results demonstrate that mouthing activity does not differ by age among 7-12-year-old children. We also did not observe any significant differences in the grouped analyses (1-6 years vs 7-12 years) of mouthing activity. Only mouthing frequency of toys was negatively correlated with age among the entire cohort of 1-12-year-old children. Mouthing duration of hands, toys and non-dietary objects also decreased with age among the 1-12-year-old children. However, most current methods to estimate non-dietary ingestion incorporate frequency but not mouthing duration (Zartarian et al., 2000; Canales and Leckie, 2007; Nicas and Best, 2008; Stapleton et al., 2008; Tulve et al., 2010) . It is likely with a longer mouthing duration that a greater surface area of the object or hand would be mouthed, which could lead to a greater amount of ingested contaminant. It is also possible with a longer mouthing duration that the nature of the mouthing process may be different, for example, the child may be sucking the toy rather than a brief contact between the toy and their mouth. This ''sucking'' mouthing action may result in greater transfer efficiency from the object/hand to the mouth. New methods or models should be developed that take into account both the mouthing duration and frequency, as it is likely with longer mouthing durations that potentially a greater amount of the contaminant on the hand or object transfers to the mouth. By not including mouthing duration in the non-dietary ingestion calculations, current models are probably underestimating the differential nondietary ingestion exposures incurred by younger children.
Others have reported significant differences in mouthing activity as a function of age. Freeman et al. (2001) observed children aged 3-12 years and also report a difference in object-to-mouth but not hand-to-mouth contact frequency in children o5 years compared with those Z5 years. In other studies, significant differences in mouthing frequency have been reported between infants and toddlers (Beamer et al., 2008) , children o and Z2 years of age (Tulve et al., 2002; AuYeung et al., 2004) and among children o6 years of age . Our study is the first to specifically document that mouthing behavior does not decrease with age among 7-12-year olds. Our results in context with the results of other studies indicate that mouthing behavior decreases early in life but may stabilize sometime from 2 to 6 years of age.
Freeman et al. (2001) report a median hand-to-mouth frequency of 3 events/h and 2 events/h among 7-8-year-old children and 10-12-year-old children, respectively, which are substantially lower than the median hand-to-mouth frequency of 12.6 events/h reported in the current study. They also reported a median object-to-mouth frequency of zero among the 7-12-year-old children, compared with 2.6 events/h in the current study. It is not clear why the differences between the two studies exist. Xue et al. (2007) conducted a meta-analysis of hand-to-mouth contact frequency that included Freeman et al. (2001) and the data from our data set under age 6 (AuYeung et al., 2004) . In this meta-analysis, they determined that hand-mouthing frequency did not vary between studies for the children r6 years. The data from Freeman et al. (2001) was collected via pen and paper tally, which is not considered as accurate as computer methods for recording frequent contacts of short duration (Zartarian et al., 1997b; Hubal et al., 2000) . Although this may have not resulted in differences between the data we collected and Freeman et al. (2001) for children r6 years, in children 7-12 years of age where we have documented that duration of contact is significantly shorter these divergences may be more apparent as a result of the manner in which the data were collected. There may also be regional, socioeconomic and racial/ethnic reasons for the differences between our study and Freeman et al. (2001) that should be explored in future studies.
The values reported by Freeman and colleagues are also much lower than those observed in a study of adult behaviors. In a video observational study of adult office workers, Nicas and Best (2008) reports a median hand-tomouth frequency of 6 events/h (range: 0-24). The results from the current study and from the Nicas and Best (2008) study indicate that the older children and adults may have higher mouthing frequency than the previously published findings (Freeman et al., 2001 ), which could result in greater non-dietary ingestion exposures than had been previously anticipated in these age groups. With the current concerns regarding dust ingestion exposure in lactating women (Wu et al., 2007) and disease transmission such as influenza from hand and object-to-mouth contacts (Nicas and Best, 2008) , future work should focus on understanding the mouthing behaviors and non-dietary ingestion exposures in older children and adults as well as in young children.
Recently the US EPA published an updated Child-Specific Exposure Factors Handbook (US EPA, 2008) , and an updated version of the more general Exposure Factors Handbook is currently undergoing external review. Based on the previous micro-activity studies, the recommendations these handbooks provide to risk assessors for mouthing activity by young children have been substantially updated; however, the Handbooks still do not provide many guidelines for older children. The most recent US EPA Child-Specific Exposure Factor Handbook recommends that risk assessors use an average hand-mouthing frequency for children aged 6-o11-years old of 7 events/h and 3 events/h for the indoor and outdoor environments, respectively (US EPA, 2008) . The values for hand-mouthing frequency are much lower than those in the current study and 75% children aged 6-o11 years in the current study exceeded both the indoor and outdoor recommendations and 83% of the children aged 11-12-years old in the current study exceeded the recommendation indicating that the current guidelines may not be protective enough for the older children. The 2009 US EPA Draft Exposure Factors Handbook (US EPA, 2009) recommends the same values as the 2008 Child-Specific Exposure Factors Handbook for hand-mouthing frequency but reports newer recommendations for object-to-mouth frequency among 6-o11-years-old children as 1.3 events/h and 1.9 events/h for indoor and outdoor environments, respectively. Although the values for object-to-mouth frequency in the current study are similar to the guidelines, 58% of the children 6-o11 years exceeded them and 67% of the children 11-12 years exceeded them confirming that the current mouthing recommendations may not be protective enough for the older children. Due to the paucity of data in the peer-reviewed literature, neither Handbook provides any recommendations for mouthing duration in individuals Z3 years of age and also do not provide mouthing frequency guidelines for adults or children Z11-years old. Although this study provides some of the missing data from the peerreviewed literature and these Handbooks, it would also be important to conduct similar studies of older children and adults in the indoor environment.
Although among the 7-12-year-old children there were no significant differences in the mouthing behavior with age, there were several differences in the hand contact behavior. Among this age group, older children contacted floors and wood surfaces less frequently and for shorter durations. Contact frequency, but not duration, also decreased for plastic surfaces as a function of age. This may be due to them spending less time on wood/plastic play structures or playing on the ground than the younger children. Duration of contact decreased significantly for all objects across this age group and specifically for contacts with food and toys. Decreasing contact duration with age may have to do with the increasing dexterity with age. They may be more likely to engage in bouncing a ball or eating more quickly. Brouwer et al. (1999) failed to demonstrate that the skin adherence increases with duration, therefore it is not clear what effect this decrease in contact duration with age may have on dermal exposures.
Many of these trends also extended to our analyses of the entire cohort aged 1-12-years old. As demonstrated in our previous analyses of 1-6-year-old children hand contact frequency with wood also decreased among 1-12-year-old children. The decreases in the hand contact behaviors as a function of age among the older children were consistent with the entire cohort for contacts with floors, plastic surfaces and toys. Children under the age of 7 years also had longer hand contact duration with their body and metal surfaces compared with the older children. Although the median hand contact duration with toys decreased with age, the hand contact frequency and hourly duration of contact with toys increased with age across the entire cohort. This demonstrates that as children get older they have more contacts of shorter duration with toys, perhaps from activities like bouncing or throwing a ball. Similarly, in analyses of the entire cohort, hand contact frequency and hourly contact duration with non-dietary objects increased with age. Children in the 7-12-years group also had longer hand contact durations with footwear and increased frequency of hand contacts with clothes than the 1-6-year-old children. Freeman et al. (2001) also observed that 7-12-year-old children had significantly more contacts with clothes than 3-6-year-old children. Perhaps this difference could be attributed to developmental stage, as the children are more aware of their clothing and independently responsible for adjusting it.
Both the updated Exposure Factors Handbooks (US EPA, 2008 EPA, , 2009 ) recommend that estimates of dermal contact frequencies and durations for exposure and risk assessment be obtained from the Dermal Exposure Assessment: Principles and Applications (US EPA, 1992) and Risk Assessment Guidelines for Superfund (RAGs) Part E (US EPA, 2004). The first source recommends that risk assessors use a dermal contact frequency with soil of 40 events/year while the second source recommends one event/day. In our current study of children's activities in the outdoor environment, hand contacts with soil were grouped with other floor surfaces before the analyses. The median hand contact frequency with floors while playing outdoors among 7-12-years-old children was 7.3 events/h. The median hand contact frequency with non-dietary objects in the outdoor environment was 525.5 events/h. It is likely that floors and the majority of non-dietary objects in the outdoor environment are coated with soil. The current US guidelines to estimate children's health risk from contaminated soils may substantially underestimate their exposure due to the hand contact frequency estimates recommended, if indeed our assumptions of sufficient soil loading on surfaces and nondietary objects are valid or confirmed.
Our analyses of the activity behaviors among the US EPA age groups confirmed many of the differences in behavior as a function of age from our other analyses. However, these results did identify several differences in contact activity between the age groups that did not necessarily correlate with age across the cohort. For example, hourly hand contact duration with the non-dietary and all objects increased from the group of 1-o2 years through the 6-o11 years and then decreased in the 11-o16-years group. Similarly, hand contact frequency with plastic was highest in the 1-o2 years and the 3-o6-years groups. Results may indicate that contact behaviors with different types of objects change at various times during childhood. These differences in activity behaviors could lead to differential risk to different groups of children depending upon the contaminant of concern.
We have conducted an exploratory study to quantify the activity patterns of children aged 7-12 years. However, our study has a small sample size, with an uneven gender distribution across the age groups. In the future, additional studies with a larger sample size should be completed to determine if the differences between the genders and the age groups observed in our current study are confirmed. These future studies should be designed to have an even number of males and females in each age group to reduce confounding of the results. In the meta-analysis by Xue et al. (2007) , mouthing frequencies were determined to be significantly different indoors compared with outdoors for children r6 years of age. Our current study consists only of children engaged in outdoor play. Future studies should also be conducted to quantify the micro-activities of children 46 years of age indoors in a variety of environments like their homes or schools. With the rapid increase in use of electronic devices by children since 1999, when the children in the current study were videotaped, it would also be important to determine if this has affected micro-activity contact behavior in children. As micro-activity contact frequencies and duration are the essential parameters for calculating multi-media aggregate exposures as part of the risk assessment process, it is essential that these additional studies be conducted to provide data for individuals 46 years of age and ensure that these assessments are more representative of the entire population.
In conclusion, like younger children, older children have very frequent contacts of short duration. We did not observe many differences as a function of age in the mouthing frequencies among the older children or when compared with the younger children. Therefore, non-dietary ingestion exposures may be higher than previously anticipated for the older children and adults. Our analyses of the hand contact behaviors demonstrate that there are differences between the childhood age groups that should be considered in performing exposure and risk assessments. Our results indicate that current US EPA guidelines for conducting exposure and risk assessments may underestimate the contact activities of the older children. There is clearly a need for additional studies of 7-12-year-old children as well as teenagers and adults engaged in a variety of macro-activities in different environments.
